INTRODUCTION

S
and sea trout ( Cynoscion arenarius) are one of the most common sciaenid fishes within estuaries of the northern Gulf of Mexico (Rakocinski eta!., 2002) . Although sand seatrout have historically been thought to range westward along the gulf coast from southwest Florida to the Gulf of Campeche, Mexico (Moffet et a!., 1979) , recent genetic analyses indicate that they also occur commonly throughout inshore waters of Florida's Atlantic coast (Tringali eta!., 2004) . Sand seatrout support a substantial recreational and commercial fishery along the gulf coast of Despite the ecological and economical importance of sand seatroul, little is known regarding the life history of this species. Information is widely scattered and sometimes conflicting (Ditty eta!., 1991) . For instance, Copeland and Bechtel (1974) found no relationship between catch ratios and observed salinities, and Trent et a!. (1969) reported that sand seatrout distribution within an estuary was not related to salinity. Other studies, however, have identified optimal salinity ranges for this species within specific estuaries (Christmas and Waller, 1973; Warren and Sutter, 1982) . Information on relative abundance and habitat associations of sand seatrout is limited and in most cases has been ancillary to larger studies (Gunter, 1938; Christmas and Waller, 1973; Gallaway and Strawn, 1974; Chittenden and McEachran, 1976; Warren and Sutter, 1982) . The majority of studies on sand seatrout have been principally from the northwestern gulf (Texas, Louisiana, and Mississippi) (Gunter, 1945; Christmas and Waller, 1973; Gallaway and Strawn, 1974; Cowan and Shaw, 1988) , with only one study conducted on juvenile sand seatrout along the gulf coast of Florida (Peebles, 1987) .
In our study, we used a stratified-random sampling design with standardized protocols to sample and estimate the relative abundance of juvenile sand seatrout in four estuaries along the west coast of Florida. The objectives of this study were to document recruitment windows for and seasonal changes in abundance of juvenile sand seatrout in shallow and deepwater areas and to identifY factors that are associated with juvenile sand seatrout spatial occurrences in these estuaries.
MATERIALS AND METHODS
Study sites.-Juvenile sand seatrout were collected from four estuaries along the gulf coast of 16 GULF OF MEXICO SCIENCE, 2007, VOL. 25(1) were the northernmost estuaries included in this study; these areas were similar in that they are both characterized by substantial freshwater input (Livingston, 1983; Mattson and Rowan, 1989) Data collection.-Juvenile sand sea trout [:::; 100 mm standard length (SL)] were collected during monthly stratified-random sampling using a bag seine and otter trawl (see Table 1 for estuaryspecific effort). Data collections were made during daylight hours and during all tidal stages. The bag seine was 21.3 m long X 1.8 m deep with 3.2-mm #35 knotless nylon delta mesh. The otter trawl was 6.1 m wide with 38-mm stretch mesh and a 3.2-mm knotless nylon Delta m.esh cod-end liner. The bag seine was used to sample water depths ranging from 0.3 m to 1.8 m, and the otter trawl was used in waters 1.8-7.6 m deep.
Three techniques were used in deploying the bag seine to sample bay different habitats. ''Shoreline'' deployments sampled bay shorelines with emergent vegetation, mangrove fringes, sea- walls, and beaches. "Offshore" deployments sampled shallow waters in the bays at least 5 m away from a shoreline and sampled vegetated and unvegetated flats. "River" deployments sampled the shorelines of tidal creeks and rivers. All seine hauls were standardized among all estuaries with regard to amount of area covered in each haul. The area sampled with shoreline and offshore deployments was 140m 2 and for river deployments was 68m 2 . Otter trawls were deployed in both bay and riverine habitats. Tow distance and duration were generally twice as long in bays (0.20 nm ± 0.05 nm, 10 min) than in rivers (0.10 ± 0.02 nm, 5 min). Trawl distances were shorter in rivers to reduce the chance of entanglement. Sand seatrout catches were standardized across all gears as fish · 100m-
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···. portion of the sample. Collections contammg more than 1,000 juvenile sand seatrout were subsampled with a modified Motoda box splitter (Winner and McMichael, 1997) , and the total number of individuals was estimated by fractional expansion of the subsampled portion. Salinity [principally salt marsh vegetation], overhanging vegetation, structure, and other) were also determined at each sample site.
Statistical analysis.-Only individuals :S 100 mm SL were included in analyses, which generally represented fish less than 1 yr of age (Nemeth et a!., 2006) . Length-frequency histograms were developed by month for each estuary and gear type to identify the timing of sand seatrout recruitment in each estuary. Sand seatrout habitat associations were determined by using analysis of covariance (ANCOVA) for each estuary. Only data collected during the estuaryspecific periods of sand seatrout recruitment were used in the ANCOVA models. Abundance estimates (fish · 100 m -2 ) used in the ANCOVA models were pooled across years for each gear Charlotte Harbor . type (seine or trawl), and all analyses were gearspecific. Full ANCOVA models included the following classification variables: month, year, bottom type, bottom vegetation, shore type, and deployment method (shoreline, offshore, and river). Deployment method and shore type were applicable only to seine models. Covariates in the ANCOVA models were water temperature, salinity, and depth.
Abundance estimates and continuous variables (i.e., water temperature, salinity, and depth) were log transformed (In (x + 1)) before analyses ;.;:::::
..... to normalize the data. First-order interactions were included in the initial models. Class variables and covariates that were not significant (P > 0.10) based on partial (type III) sum of squares were sequentially removed, and the analysis was repeated until all nonsignificant variables were removed unless they were associated with an interaction. All significant interactions were retained in the model regardless if main effects were significant in order to avoid masking possible significant main effects during the stepwise elimination process. All ANCOVA analyses were conducted using Proc GLM in SAS (SAS Institute Inc., 1989). Tukey's multiple comparison tests were used to identify significant differences in mean abundance by pairwise comparison of the means associated with classification variables found to be significant in the ANCOVA models. Additional analyses were conducted to investigate the specific effects of salinity on juvenile sand sea trout abundance (fish · 100 m -2 ).
Investigation into size-specific abundance of juvenile sand seatrout with regard to salinity was undertaken by calculating density-weighted mean salinity at capture as described by McBride eta!. (2001) , incorporating both seine and trawl data. Density-weighted mean salinity at capture was calculated for each 5 mm SL interval and for each estua1y separately by using the weighted formula 
REsuLTS
A total of 25,668 sand seatrout were collected from Apalachicola Bay, the Suwannee River estuary, Tampa Bay, and Charlotte Harbor ( Table 1) . Of these, 79% were collected with trawls; the remaining 21% were collected with seines. The minimum size of individuals captured was 6 mm SL in trawls and 9 mm SL in seines.
In Apalachicola Bay and the Suwannee River estuaty, juvenile sand seatrout were captured during all months except March in Apalachicola Bay and Feb.-Apr. in the Suwannee River estuary (Figs. 2, 3) .Juvenile sand seatrout were captured during every month in Tampa Bay and Charlotte Harbor (Figs. 4, 5) . The primary recruitment period was May-Oct. in all estuaries except Tampa Bay, where recruitment began 1 mo earlier because of a shift in timing during the 2001 recruitment year (Fig. 4) . The primary In Apalachicola Bay, monthly sand seatrout abundance had a unimodal distribution in both trawl and seine collections (Fig. 6) . In the Suwannee River estuary, monthly juvenile sand seatrout abundance was unimodal in seine catches, whereas low catches of sand seatrout in the trawl during July resulted in a bimodal distribution (Fig. 6) . Juvenile sand sea trout captured in seines from Tampa Bay had a bimodal distribution due to a second peak in abundance during Sep. and Oct. However, trawlcaptured sand seatrout from Tampa Bay had a unimodal distribution (Fig. 6) . Sand sea trout captured in both types of gear from Charlotte Harbor had well defined bimodal distributions (Fig. 6) . Months of peak abundance for sand seatrout captured from Charlotte Harbor in seines were 1-2 mo behind those for sand seatrout captured from Charlotte Harbor in trawls. This relationship may be because of a shift in the timing of recruitment of seine-captured fish (2001) (2002) (2003) and trawl-captured fish (1996) (1997) because data from different years were compared or it may be due to a legitimate lag. In Tampa Bay and Charlotte Harbor, seine data from only 2001 through 2003 were used, whereas trawl data were from 1996 and 1997, making abundance comparisons between gear types difficult. In general, initial increase in abundance of sand sealroul was associated with increasing water temperatures, but sand seatrout abundance be~veen months showed no clear synchronous change with water temperature (Fig. 6) .
Within each estuary, final ANCOVA models accounted for 12-26% of the variability in juvenile sand seatrout seine abundances and 11-24% of the variability in trawl abundances (P < 0.10) ( seatrout were captured over unvegetated bottom in seines at all four estuaries (P < 0.05) (Fig. 7) . Differences in trawl abundance beveen vegetated and nonvegetated bottom was not tested for significant differences. The sample size of collections from trawl deployments over vegetation was extremely small (n < 5) because of the small amount of seagrass in these areas (depth 2: 1.8 m). Seagrass that did occur within areas sampled by the trawl was often too difficult to confirm because of water turbidity. Significantly more fish were captured over mud than over sand or hard substrate in both types of gear in all estuaries, except for Apalachicola Bay (P < 0.05) (Fig. 7) . The seine captured significantly more fish in river deployments than shoreline or offshore deployments in the same three estuaries (P < 0.05).
Although shore type was not a significant variable in the Suwannee River estuary or Charlotte Harbor models, abundance of sand seatrout was highest along shorelines with emergent vegetation (salt marsh vegetation) in all estuaries. Salinity was significant in two seine and ~vo trawl models. Either month or year was significant in the majority of models (Table 2) . For both types of gear, models for Apalachicola Bay explained the least amount of variance in sand sea trout abundance (Table 2) .
Differences in the spatial distribution of juvenile sand seatrout were apparent among estuaries and appeared to be influenced by freshwater discharge. Highest sand seatrout densities occurred in small rivers and tidal creeks hut not in the much larger Apalachicola and Suwannee rivers. In Apalachicola Bay and the Suwannee River estuary, sand seatrout occurred in highest abundances adjacent to the discharge area (Figs. 8 and 9 ). The sampling areas within the Apalachicola and Suwannee rivers had annual mean salinities of 1.0 psu and 3.6 psu, respectively. The small rivers that contained the highest densities of sand seatrout in Apalachicola Bay, Tampa Bay, and Charlotte Harbor had Density-weighted mean salinities at capture in Apalachicola Bay, Tampa Bay, and Charlotte Harbor initially showed a trend toward lowersalinity waters as fish increased in length (Fig. 12) . Juveniles from these three estuaries then settled into a consistent mesohaline salinity Tampa Bay, FL, 1996 FL, --1997 FL, (trawls) and 2001 FL, -2003 consistently occupied upper-mesohaline and lower-polyhaline waters. In all estuaries, as individuals >70 mm SL increased in length, they moved toward higher salinities. peak abundance was similar in the four estuaries.
We noted that sand seatrout < 25 mm SL were captured in the two southern estuaries earlier (March) and later (Nov. and Dec.) than in the two northern estuaries. This was consistent with findings elsewhere, where small numbers of larval sand seatrout were captured in Dec. and Jan. (Peebles, 1987) , suggesting some year-round spawning may occur in southwest Florida. Spawning locations are likely determined by salinity, whereas the intensity of spawning events is probably driven by water temperature (Pee-. bles, 1987) . Water temperatures in the southern estuaries increased earlier in the year and remained high for longer periods of time than in the northern estuaries. Therefore, it was not surprising that recruitment of juvenile sand seatrout in the southern estuaries began earlier and lasted longer than in the northern estuaries. Overall, the timing and duration of the observed recruitment period in all four estuaries was consistent with the previously reported spawning period of March-Sep., with limited spawning possible as late as Dec. (Gallaway and Strawn, 1974; Copeland and Bechtel, 1974; Shlossman and Chittenden, 1980; Warren and Sutter, 1982; Cowan et al., 1989) .
Juvenile sand seatrout were almost exclusively found within and adjacent to rivers or other freshwater influences in areas with unvegetated mud bottom, often associated with salt marsh vegetation. Areas near freshwater input often support increased densities of phytoplankton, zooplankton, larval fishes, and nekton because of the high level of nutrients there (Grimes and Kingsford, 1996) . The observed increased abundance of sand seatrout in these areas may be a function of feeding. During early-life stages, sand seatrout prey heavily upon mysids, copepods, and larval fishes (Reid, 1954; Darnell, 1958; Springer and Woodburn, 1960; Sheridan, 1979; Byers, 1981) . Increased feeding is thought to lead to faster growth, decreased predation, and increased survival of fish larvae (Gillanders and Kingsford, 2002) . Juveniles in the Suwannee River estuary were also caught in high densities around the shoreline areas far from the Suwannee River. The shoreline areas in this estuary are influenced by numerous tidal creeks and have lower salinities than do open gulf waters by an average difference of 10 psu and consist of unvegetated muddy substrate and salt marsh shoreline. Most nonshoreline areas of the Suwannee River estuary, particularly areas around the Cedar Keys, were characterized by expanses of seagrass beds, sand, and mud substrates. This habitat also characterized areas in the other three estuaries that were close to passes leading to the open gulf. These areas had higher salinities because of the lack of freshwater influences and close proximity to the Gulf of Mexico and were devoid of juvenile sand seatrout. In the rivers, higher sand seatrout densities were found farther up-river in the trawl samples than in the seine samples. This difference was likely related to the presence of a salt wedge along the bottom of the rivers, which created ideal salinity ranges (i.e., higher salinity) at trawled depths.
Juvenile sand seatrout in all four estuaries followed a similar sequence of size-specific movements with respect to salinity. Sand seatrout apparently sought an optimal reduced salinity range when they reached a length of approximately 30-70 mm SL and then moved into higher salinities as they grew toward 100 mm SL. Details of these movements deserve further investigation. Variations in salinity ranges in combination with available suitable habitat in all four estuaries likely contributed to the apparent selection for specific areas within each estuary. It is well known that estuarine species often select a particular range along an environmental gradient (particularly salinity gradients) that mrmmizes metabolic costs, optimizes growth, and facilitates survival (Wohlschlag, 1978; Moser and Gerry, 1989; Cyrus and Blaber, 1992; Whitfield, 1999; Nelson and Leffler, 2001) . It is likely that the observed salinity ranges, in conjunction with unvegetated, mud-bottom habitat, convey one or more of these benefits to sand seatrout during their juvenile life stage.
Information on the preferred habitat identified in this study may be beneficial to ensure the survival of juvenile sand seatrout. Within each estuary, the location of low-salinity unvegetated, mud-bottom habitats varied. Experimental studies to confirm the optimal salinity for juvenile sand seatrout growth and survival may clarif)' whether they benefit by actively selecting lowsalinity habitats. This information would also serve as a next step in defining essential habitat for juvenile sand seatrout and for predicting the effects of changes in estuarine salinity on the fishery.
